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This report summarizes the construction of finite element models, validation of honeycomb finite element models, and preparation of a task road map for the future work. Finite element models were constructed based on two planform shapes. One is the planform of the intermediate complexity wing (ICW) model and the other is a rectangular (including square) planform. Two types of finite element models were generated in each planform: one has a honeycomb core with face sheets on top and bottom which are connected by rod elements while the other is a full-depth model, consisting of plates only. The finite element models of the honeycomb sandwich structures were compared to results from Hexcel Company verification models and to an actual test result. The road map for the task includes all the procedures necessary to perform the task efficiently, starting with model construction and validation of analytical predictions. 
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Scope of the Work
This report summarizes the construction of finite element models, validation of honeycomb finite element models, and preparation of a task road map for the future work.
Finite element models were constructed based on two planform shapes. One is the planform of the intermediate complexity wing (ICW) model and the other is a rectangular (including square) planform. Two types of finite element models were generated in each planform: one has a honeycomb core with face sheets on top and bottom which are connected by rod elements while the other is a full-depth model, consisting of plates only.
The finite element models of the honeycomb sandwich structures were compared to results from Hexcel Company verification models and to an actual test result.
The road map for the task includes all the procedures necessary to perform the task efficiently, starting with model construction and validation of analytical predictions.
Construction of Finite Element Models
Three types of models were constructed: ICW type, honeycomb sandwich structures model, and full-depth models. ,
ICW type models
The ICW finite element model is composed of spars and ribs with surface sheets which are either flat or curved and is shown in Figure 1(a) . The face sheets were modeled by CQUAD4 elements, while CROD and CSHEAR elements were used to represent spars and ribs.
Honeycomb Sandwich Models
This type of models has the standard hexagonal honeycomb as a core which is attached between two faces of sandwich panels. Honeycomb sandwich finite element models use CQUAD4 elements for face panels and core cells are represented by CSHEAR and CROD elements. A typical honeycomb sandwich model is shown in Figure 1 (b).
Full-depth Models
A full-depth finite element model is composed of only one element type:CQUAD4. However, the mechanical properties of the CQUAD4 element need to be verified from testing a specimen based on the size and density of the honeycomb core cells. Figure 1(c) shows a full-depth finite element model. Deflections were obtained along the middle section from the fixed end to the tip and are plotted in Figure 3 for the three models. The honeycomb model shows the maximum deflection of 0.234 inch at the tip while the spar-rib (ICW) and full-depth models show the tip deflection 0.204 inch and 0.1925 inch, respectively. As the ICW model weighs much more than the two other models, the weight was lowered to 245.97 lbs by reducing the thickness of the face sheets from 0.25 inch to 0.20 inch, and the tip deflection was found to be 0.2554 inch. This implies that the weight of ICW model should be 265 lbs to yield the same deflection (0.234 inch) as the honeycomb structure. The benefit of using honeycomb sandwich structures can be observed even in this simple example. 
Validation of Honeycomb Finite Element Models
To validate honeycomb sandwich finite element models, a number of models were constructed based on size and thickness of honeycomb cells, depth of the model, and shape and size of the planform. When compared to results from the Hexcel Company, maximum deflections under the same loading and boundary conditions between two types of models were not always close. It was found later that the Hexcel Company data were based on equations from MIL-HDBK-23A which was used to compute deflections. However, they did provide a series of actual test data (load-deflection curves from the three point load test) which were very close to analytical predictions obtained from running honeycomb sandwich finite element models as shown in Figure 4 . The test results in Figure 4 shows a non-linear behavior of the honeycomb test specimen at the lower level of loads while both finite element models exhibit a linear behavior from the beginning. The nonlinearity in the test specimen is believed to come from the fact that the effect of loading at the early stage does not reach the whole structure but covers only the local area of loading. The honeycomb model predicts, in general, deflections very close to the test results.
Road Map for the Task
The following is a general road map which denotes the approach being used to analyze the honeycomb structures. 
